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DEVICE FOR APPLYING FOAMED HOT MELT ADHESIVE, 

AND 

METHOD FOR SELECTIVELY APPLYING FOAMED HOT MELT ADHESIVE 
AND SOLID HOT MELT ADHESIVE 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a device for applying a foamed 
hot melt adhesive, and more specifically, the present invention 
relates to a device for applying the foamed hot melt adhesive for 
applying a foamed hot melt adhesive in which air bubbles are mixed 
by mixing gas in a solution of the hot melt adhesive. 
Description of the Related Art 

With respect to this kind of a device for applying a foamed 
hot meit adhesive having air bubbles mixed therein and a method for 
selectively applying a foamed hot melt adhesive having air bubbles 
mixed therein, JP-B-60-3350 (Japanese Patent Application No, 
52-91500, Japanese Patent No, 1380841, "device for manufacturing 
hot melt heating plasticity adhesive foam") is publicly known. 

The publicly-known art according to the above-described 
JP-B-60-3350 includes a hot melt adhesive compression process using 
a first gear pump 101 with reference to FIG. 4 and a gas mixing process 
using a second gear pump 102 and discloses the art to discharge a 
gas mixed hot melt adhesive from a front end of a nozzle 103 and 
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make the gas mixed hot melt adhesive into a foam condition under 
instantaneously an atmosphere pressure. 

According to the above-described conventional art, the first 
gear pump and the second gear pump are driven by a single drive 
mechanism to make the both gear pumps into the same capacity so as 
to generate a negative pressure in a pressure-feed process of two 
stages and mix gas in the hot melt adhesive. 

In this case, a gear ratio is constant, so that it is necessary 
to always regulate a gas supplied quantity in order to gear the control 
of increase and decrease of the mixed air bubbles to the supplied 
quantity of the consumed hot melt adhesive. In other words, if the 
ratio of a ratio of a supply capacity of the both pumps is made larger 
(namely, the negative pressure is made larger), the air bubbles become 
too big and this involves a problem such that the bubbles may burst 
or may be crushed by the atmosphere pressure after they are discharged. 
On the contrary, if the ratio is made smaller, this involves a problem 
such that it takes a long tome to mix the air bubbles. 

A right capacity ratio of the pumps is about 1:1.5, however, 
according to the above-described conventional art, the first gear 
pump and the second gear pump are integrated and are driven on the 
same axis, so that it is not possible to control the value of the 
forced negative pressure by rotation frequencies of the pumps. The 
inlet quantity of the supplied gas is limited. In order to maintain 
the mixing rate of the gas immediately in line with the discharge 
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quantity of the gas, it takes a long time. Further, this involves 
a problem such that the condition for making the optimum and fine 
air bubbles quickly cannot be obtained. 

SUMMARY OF THE INVENTION 
The present invention has been made taking the foregoing 
problems into consideration and an object of the present invention 
is to selectively, quickly, and easily set the ratio of mixing of 
the air bubbles. 

In addition, another object of the present invention is to 
provide a method for selectively applying a foamed hot melt adhesive 
fir selectively performing a foamed hot melt application and a solid 
hot melt application (namely, 100% liquid hot melt adhesive 
application without air bubbles) by using the device for applying 
the foamed hot melt adhesive. 

The invention (1) of the present application may provide a 
device for applying a foamed hot melt adhesive having a first 
compression process including a first gear pump and a second 
compression process including a second gear pump, supplying a hot 
melt adhesive with application of pressure in the first compression 
processing, mixing a gas with the a hot melt adhesive in the second 
compression process, and discharging the foamed hot melt adhesive 
from a discharge opening, wherein the first gear pump of the first 
compression process and the second gear pump of the second compression 
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process are driven by drive mechanisms independently from each other 
and rotation frequencies of the first gear pump and the second gear 
pump, respectively, are set independently and arbitrarily. 

According to the invention (2) of the present application 
according to the invention (1), detecting a pressure of a liquid 
(a hot melt adhesive) being pressure fed in the second compression 
process, the rotation frequencies of the first gear pump and the 
second gear pump, respectively, are sequentially controlled so as 
to automatically control an amount of the gas to be mixed. 

According to the invention (3) of the present application 
according to the invention (1), a gas suction opening is provided 
between the first gear pump and the second gear pump in the second 
compression process and a mixer is provided between the gas suction 
opening and the second gear pump so as to enhance mixture and dispersion 
between the gas and a liquid, 

According to the invention ( 4 ) of the present application 
according to the invention ( 3 ) , an end of a return circuit in the 
second compression process is located at a downstream of the first 
gear pump so as to prevent air bubbles from returning to a tank, 
namely, between the first gear pump and the gas suction opening, 
so as to prevent air bubbles from returning to a tank. 

According to the invention (5) of the present application 
according to the invention (1), a gun installs a valve mechanism 
and a restriction valve therein so as to produce a single bubble. 



According to the invention (6) of the present application, 
a method for selectively applying a foamed hot melt adhesive and 
a solid hot melt adhesive using the device for applying a foam hot 
melt adhesive according to the invention (1) , the ratio of discharge 
between the first gear pump and the second gear pump is automatically 
controlled to be set at 1/1 to apply the solid hot melt adhesive, 
the ratio of discharge between the first gear pump and the second 
gear pump is automatically controlled to be set at a value greater 
than 1/1 to apply the foamed hot melt adhesive, and application of 
the foamed hot melt adhesive and that of the solid hot melt adhesive 
can be selectively performed by the device for applying the foamed 
hot melt adhesive. 



BRIEF DESCRIPTION OF THE DRAWINGS 

fc'IG. 1 is a block diagram showing the outline of a device for 
applying a foamed hot melt adhesive in which air bubbles are mixed 
according to an embodiment of the present invention; 

FIG. 2 is an operation explanatory view showing each process 
according to the embodiment of the present invention; 

FIG. 3 is an explanatory view showing a difference between 
continuous foam and single foam; and 

FIG. 4 is a blockdiagramshowing the outline of a publicly-known 
device for applying a foamed hot melt adhesive in which air bubbles 
are mixed, which is the same as FIG. 1. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
In a device for applying a foamed hot melt adhesive having 
a first compression process including a first gear pump and a second 
compression process including a second gear pump, pressurizing and 
supplying a hot melt adhesive in the first compression processing, 
mixing gas in the second compression process, and discharging the 
foamed hot melt adhesive from a discharge opening, the first gear 
pump of the first compression process and the second gear pump of 
the second compression process are driven by drive mechanisms 
independently from each other. 

A gas suction opening is provided between the first gear pump 
and the second gear pump in the second compression process and a 
mixer is provided between the gas suction opening and the second 
gear pump. 

Detecting the pressure of the liquid (the hot melt adhesive) 
being sent by the pressure in the second compression process and 
sequence-controlling rotation frequencies of the first gear pump 
and the second gear pump, respectively, the ratio of mixing of gas 
is automatically controlled. 

An end of a return circuit in the second compression process 
is located at the downstream side of the first gear pump, namely, 
[between the first gear pump and the gas suction opening] . 
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A gun installs a valve mechanism and a restriction valve 
therein. 

A control part may automatically control the set value of the 
ratio of discharge between the first gear pump and the second gear 
pump by sequence control to make the ratio of discharge into 1 so 
as to enable the solid hot melt adhesive application, and the control 
part may automatically control the set value of the ratio of discharge 
between the first gear pump and the second gear pump at an arbitrary 
set value greater than 1 so as to enable the foamed hot melt adhesive 
application. 

A first compression process: 

The liquid (the hot melt adhesive in a molten condition) 
supplied from a melting system (a tank) is sent by pressure to the 
second compression process by the first gear pump. 
A second compression process: 

The pump capacity of the second gear pump is larger than that 
of the first gear pump, so that a negative pressure condition is 
formed at the side of downstream of the first gear pump. The gas 
is supplied to the liquid (the hot melt adhesive in the molten 
condition) in the negative pressure condition. 

A mixer may mix and blend the liquid (the hot melt adhesive 
in the molten condition) with the gas. 

The second gear pump may compress the mixture of the gas and 
the liquid and may feed it by pressure. 
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The compressed air bubbles are accumulated between a gun and 
the second gear pump. 

The gun installs a valve mechanism therein and has a restriction 
valve and this leads to the fact that the mixture of the gas and 
the liquid to be discharged by the nozzle becomes instantaneously 
in a foam condition when it is discharged into air. 

At the downstream side of the second compression process, 
detecting the pressure of the liquid (the hot melt adhesive) being 
sent by the pressure and sequence-controlling the rotation 
frequencies of the first gear pump and the second gear pump, 
respectively, by using a microcomputer, the ratio of mixing of gas 
is automatically controlled. 
Embodiment (s) 

In order to explain the present invention in detail, with 
reference to the embodiment (s) shown in the attached drawings, the 
present invention will be described in detail. 

With reference to FIG. 1 and FIG. 2, at a first compression 
process A including the first gear pump 1, it is the same as the 
publicly-known system that the first gear pump 1 is mounted on a 
first line (a liquid supply pipe) 11 communicating with a supply 
source (a tank) T of the liquid (the molten hot melt adhesive) . 

At a second compression process B, according to the present 
invention, a gas supply and mix process Bl is added at the upstream 
side of a process of compressing and sending by pressure B2 due to 
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the second gear pump 2. 

In the gas supply and mix process Bl, a gas suction opening 
21 is provided on a second line (pipe) 12 that is connected to the 
second gear pump 2 being continued to the first gear pump 1, and 
further, a mixer 22 is provided between the gas suction opening 21 
and the second gear pump 2 to enhance mixture and dispersion between 
the gas and the liquid (the hot melt adhesive) . A reference numeral 
5 denotes a check valve that is put between a gas source (N2 gas) 
and the gas suction opening 21. 

By sending the mixture of the gas and the liquid by pressure 
using a third line (pressure sending horse) 13 to connect the second 
gear pump 2 to an application gun unit 3, the compressed air bubbles 
are accumulated to configure a compressed air bubble accumulating 
process 3. 

A gun 3 located at an end of the third line (pressure sending 
horse) 13 may have a valve mechanism and may install a restriction 
valve 31 in the vicinity of a nozzle (a discharge opening) 30 at 
its front end so as to discharge the mixture of the gas and the liquid 
including the compressed air bubbles from the nozzle (the discharge 
opening) 30 . 

Providing a first drive mechanism (an electric pulse motor 
controlled by a microcomputer) 10 with respect to the first gear 
pump 1 in the first compression process A and providing a second 
drive mechanism (an electric pulse motor controlled by a 
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microcomputer) 20 with respect to the second gear pump 2 in the second 
compression process B, the first gear pump 1 of the first compression 
process A and the second gear pump 2 of the second compression process 
B are driven independently each other and the rotation frequencies 
of the first gear pump and the second gear pump, respectively, are 
set independently and arbitrarily. 

With reference to FIG. 1, the end of a return circuit (a fourth 
line) 14 near the gun 3 is set at the front portion (the downstream 
side of the first gear pump) of the second line 12. At the end of 
the return circuit (a fourth line) 14, a restriction valve 4 is 
provided. 

A second return circuit (a fifth line) 15 is provided between 
the front end of the third line 13 and the upstream side of the gas 
suction opening 21 of the second line 12 . On the second return circuit 
(the fifth line) 15, a relief valve 6 is provided. 

At the front end of the return circuit (the fourth line) 14 
and in the vicinity of the gun 3, a liquid pressure detecting sensor 
7 is disposed. A micro computer 40 is provided, which 
sequence-controls the rotation frequencies of the first gear pump 
and the second gear pump, respectively, by controlling the first 
drive mechanism (the electric pulse motor controlled by a 
microcomputer) 10 with respect to the first gear pump 1 and providing 
the second drive mechanism (the electric pulse motor controlled by 
a microcomputer) 20 with respect to the second gear pump 2 due to 
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the detection input of this liquid pressure detecting sensor 7. 

In the meantime, according to the example (s) , the first line 
11 and the second line 12 are formed integrated with the first gear 
pump 1 and the second gear pump 2. In other words , they are formed 
by a manifold (8 to 13 mm $) formed within a metal block configuring 
the first gear pump 1 and the second gear pump 2. The third line 
13 and the forth line 14 are horses of 8 to 13 nun $ and the length 
of (the third line 13 + the fourth line 14) is in the range of 3 
to 20 m. 

With reference to FIG. 2, the operation of the present invention 
will be described below. 
A first compression process A: 

The liquid (the hot melt adhesive in the molten condition) 
supplied from the melting system (the tank) T is sent by pressure 
ro the second compression process by the first* gear pump. 
A second compression process B: 

When the pump capacity of the second gear pump is larger than 
that of the first gear pump, the negative pressure condition is formed 
at the side of downstream of the first gear pump by 
sequence-controlling the rotation frequencies of the first gear pump 
and the second gear pump, respectively, by a micro computer. 
In a gas supply and mix process Bl: 

At the gas suction opening 21 of the second line (the pipe) 
12, gas (the N2 gas) is sucked from the gas source (the N2 gas) into 
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the gas suction opening 2 1 . After that , a mixer 22 may enhance mixture 
and dispersion between the gas and the liquid (the hot melt adhesive) . 
In a gas compression process B2: 

The gear pump 2 may pressurize the mixture of the gas and the 
liquid and may sent it by pressure (in other words, a large amount 
of fine gas is compressed and enclosed in the pressured liquid) . 
In the line 13 

The air bubbles are accumulated between a nozzle 3 and the 
second gear pump 2. 
A discharge process C: 

The mixture of the gas and the liquid is discharged from the 
discharge opening 30 of the nozzle 3. Then, the mixture of the gas 
and the liquid discharged to air becomes instantaneously in the foam 
condition and the foamed hot melt adhesive is applied. 

In the system, the foamed hot melt adhesive is a 100% liquid 
hot melt adhesive (gas is compressed by the 100% liquid hot melt 
adhesive to be scattered) , however, the liquid is made into the foam 
condition by air pressure after it is discharged from the nozzle 
(with reference to FIG. 3, it is a single foam P and it is not a 
continuous foam Q) . In the meantime, sometimes, the gas is mixed 
in a condition of a fine bubble and the liquid ratio is slightly 
lower than 100%. 

In the next place, the examples of numeric values of a sequence 
control according to the second invention will be listed below. 
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A pressure value of the liquid (the hot melt adhesive) being set 
by pressure in the second compression process: 30 kgf per cm 2 
Rotation frequency of the first gear pump: 0 to 100 RPM (20cc/rev) 
Rotation frequency of the second gear pump: 0 to 150 RPM (40cc/rev) 
Supplied quantity of the liquid (the hot melt adhesive) : 0 to 2,000 
cc/min 

Gas mixing quantity: 0% to 75% 

Foam mixing ratio: till three times (different depending on a 
capability of the hot melt adhesive) 

Then, a sixth invention will be described below. 
[Application of a foamed hot melt adhesive] 

The device is operated with a gear pump ratio of discharge 
set at a value greater than 1, 

On the condition that the capacity of the first pump is set 
at lcc/rev, the capacity of the second pump is set at 3cc/rev, and 
the gear pump ratio of discharge is set at two times, if the rotation 
frequency of the first pump is 10 rpm, the device is controlled so 
that the second pump rotates at the rotation frequency 6,6 rpm. 

Then, the first pump: lcc * 10 rpm = 10 cc/min and the second 
pump: 3cc * 6.66 rpm = 20 cc/min are obtained, and the insufficient 
lOcc/min is filled by nitrogen gas and the foam magnifying power 
is made into two times. 

If the pressure is made into a set value, the first pump is 
stopped and if it is made into a value lower than the set value, 
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the first pump is rotated to control the pressure. 
Examples of combination 

First pump: 1 cc, second pump: 3 cc, rotation ratio: 1 to 3 times, 
pressure: 1 to 4 MPa 

First pump: 3 cc, second pump: 6 cc, rotation ratio: 1 to 3 times, 
pressure: 1 to 4 MPa 

First pump: 10 cc, second pump: 25 cc, rotation ratio: 1 to 3 times, 
pressure : 1 to 4 MPa 

First pump: 20 cc, second pump: 40 cc, rotation ratio: 1 to 3 times, 
pressure: 1 to 4 MPa 

[Application of solid hot melt adhesive] 

With the ratio of discharge of the gear pump made into 1/1, 
the first pump and the second pump are automatically controlled by 
sequence-control so that the pressure in the circuit is made into 
a target pressure (a set value with in the above-described range 
of 1 to 4 MPa) . 

The above sequence-controlling can be applied the PID 
computer-control (P: Proportion action, I: Integral calculus action, 
D: Differential action) by the control of the microcomputer. 

The first invention of the present application has advantages 
such that, by setting the rotation frequencies of the first gear 
pump and the second gear pump, respectively, independently and 
arbitrarily, upon the foamed (air bubbles are mixed) hot melt 
application, the amount of mixing of the air bubble is arbitrarily 
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decided by selecting the rotation frequency of the second pump; 

The second invention of the present application according to 
the first invention has an advantage such that, 

by detecting the pressure of the liquid (the hot melt adhesive agent) 
being sent by pressure and sequence-controlling the rotation 
frequencies of the first gear pump and the second gear pump, 
respectively, to automatically control the amount of mixing of the 
gas, the sequence control requiring no regulation to mix the optimum 
amount of the gas that is troublesome and takes a long time is installed 
and the optimum amount of the air bubbles can be automatically mixed. 

The third invention of the present application according to 
the first invention has an advantage such that 
the time to mix the gas can be made shorter by providing the gas 
suction opening and the mixer at the upstream side of the second 
gear pump in the second compression process to enhance mixture and 
dispersion between the gas and the liquid (the hot melt adhesive) 
and idling time of starting the manufacture can be made shorter. 

The forth invention of the present application according to 
the third invention has an advantage such that the end of the return 
circuit in the second compression process is located at the downstream 
side of the first gear pump, the air bubbles are prevented from 
returning to the tank side and no air bubble returns to the melting 
system (the tank) . As a result, the melting time in the melting 
system can be faster. 
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The present fifth invention has an advantage such that 
approximately even air bubbles can be finely distributed not as a 
continuous foam Q but as a single foam P since the restriction valve 
is provided at the gun at the end of the system in addition to the 
valve mechanism. 

According to the sixth invention, it is possible to further 
select the function as the device for applying the solid hot melt 
adhesive that applies the liquid not including the air bubble 100% 
when the ratio of discharge is defined as 1 under the sequence control 
of the microcomputer PID control, namely, that performs the 
application of the solid hot mail adhesive in addition to the function 
as the device for applying the foamed hot melt adhesive such that 
the device for applying the single foamed hot melt adhesive controls 
the ratio of discharge to the value greater than 1 to perform the 
application of the foamed hot melt adhesive, and the present fourth 
invention has an advantage to enable the two kinds of application 
formations to be treated by a single system. 

The utilization possibility in industry 

According to the present invention, in application of the 
foamed hot melt adhesive, the mixing ratio of foam can be selectively 
and quickly set, and also application of the foamed hot melt adhesive 
and that of the solid hot melt adhesive (application of the 100% 
hot melt adhesive without air bubbles) can be selectively performed, 



so that the preferable application of the hot melt adhesive 
corresponding to various kinds of the application base materials 
can be performed. Therefore, the present invention is effective 
for enhancing the usage of the hot melt adhesive. 
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